This paper presents a domain-specific modelling language for patient transferal management (DSML4PTM).
INTRODUCTION
Recent statistical findings released by Eurostat (2017) revealed that healthcare is still a main expenditure in developed countries. Germany has the lead among EU members with a current healthcare expenditure equivalent of 11.0% gross domestic product (GDP), while Switzerland has an even higher expenditure (11.4%). These percentages have the tendency to even increase according to The World Bank (2014) and governments are reacting by imposing pressure on healthcare providers, especially on hospitals to lower cost. However, hospitals should still provide a high quality of service (Lenz et al. 2012) , which require processes and activities to be as optimal as possible. This, however, results in a huge challenge due to the complexity of the domain. In fact, many structured and ad-hoc processes that involve a broad range of crucial decisions typically can take place across organizations and among actors with different expertise. One process that reflects such a complex environment is the so-called transferal management process, which is also called transitional care or hospital discharge management/planning. Parry et al. (2008) defined transferal management as "a set of actions designed to ensure the coordination and continuity of care received by patients as the transfer between different locations or levels of care". This set of actions, also called administrative pathways, includes medical information and excludes the treatment of the patient, which rather refer to clinical pathways (Lenz and Reichert 2007) .
The Patient Radar Project (Reimer and Laurenzi 2014) addresses the above-mentioned issues by enabling intersectoral collaboration between acute hospitals and rehabilitation clinics, where (a) rehabilitative expertise is brought early into the acute somatic treatment loop, and (b) demand for rehabilitation treatment is considered as early as possible. Such a collaboration takes place within the complex settings of the transferal management domain, where many domain experts are involved, i.e. from acute hospitals, rehabilitation clinics, and finally health insurances for cost reimbursements.
In our work, the main idea is to adopt a modeldriven approach that provides all the relevant concepts and decision types of the transferal management domain in a form that is familiar to the domain experts. The ultimate goal is to enable domain experts designing and/or adapting models in a meaningful and less error-prone way, and therefore to help produce quality domain models.
For this, a domain-specific modelling language for patient transferal management (DSML4PTM) is proposed.
The paper is organized as follows: Section 2 provides the motivation for using DSMLs. Section 3 introduces the most relevant DSMLs for this work. Next, the adopted methodology is described in section 4. In section 5 we will describe the new metamodel as well as the procedure we followed. Section 6 presents the implementation of the new metamodel in the ADOxx metamodeling toolkit. Finally, evaluation and conclusion are described in section 7 and 8, respectively.
MOTIVATION FOR USING DOMAIN-SPECIFIC MODELLING LANGUAGES
In order to ensure a common understanding on the term "modelling language" we refer to the framework developed by Karagiannis and Kühn (2002) -A modelling language is defined by notation, syntax and semantics. The notation specifies the visual representation of the modelling language, while the semantics define the meaning of the syntactic element by establishing a mapping to a semantic schema. The modelling procedure determines how to apply a modelling language to create models. Models are defined in the metamodel, which is created by a metamodeling language. The metamodel itself is defined in a metametamodel (see Fig. 1 ). According to different authors (Karagiannis and Kühn 2002 , Atkinson and Kuhne 2003 , Laarman and Kurtev 2010 these 3 levels are sufficient. The Object Management Group (OMG 2015) , for instance, proposed metamodeling framework (MOF) for model-driven engineering (OMG 2015) with exactly this number of levels. (Strahringer 1996). There is a distinction between domain-specific modelling languages (DSML) and general-purpose modelling languages (GPML), An example for a GPML are UML class diagrams. A GPML provides the user with a high degree of freedom, and thus might lead to inconsistency and representations that do not make sense. A way to overcome these problems is by extending the semantics of the metamodel (Pérez and Porres 2013 , Lodderstedt et al. 2002 , Felfernig et al. 2000 by adding constraints that restrict the varieties of models. For this purpose, OMG extended the UML metamodel introducing the Object Constraint Language standard (OMG 2014) . This approach, however, increases the complexity of the modellers' task as they either have then to know all the constraints, or they are hindered by the system to make certain modifications to a model when they would violate a constraint.
Domain-specific modelling languages (DSMLs), shift this complexity to the metamodel level, where constraints are introduced in order to ease the modelling on level 1 (see Fig. 1 ) (Fowler 2011 , Frank 2010 , Gray et al. 2008 , Mernik et al. 2005 , van Deursen et al. 2000 . For this, domain-specific modelling languages (DSMLs) promise to enable domain experts designing models in a meaningful and less error-prone way, and therefore support producing quality models (Kelly and Tolvanen 2008) . Moreover, allowing domain experts dealing directly with language constructs they are familiar with, leads to significant impact on their learning curve. It was already observed by Hudak and Paul (1996) that, domain experts can quickly learn the language and its applicability improves. In other words, DMSLs bring the benefit of high understanding of models (hence, the underlying reality) among domain experts, fostering not just productivity in design-time, but also the optimization phase, where paint points are rapidly identified and actions can be taken accordingly.
A common approach to develop a DSML consists of several iterative phases until a version of the language is delivered that is mature enough. The order of these phases is typically as follows: (1) capturing domain requirements, (2) defining concrete syntax, abstract syntax and related semantics (metamodel) (3) testing the language with end users. The latter can lead to further iterations in case some requirements of the language are not fulfilled. The main complexity resides in phase "2", which is according to Cho et al. (2012) is crucial even for language development experts.
In the following section, we present some of the most relevant DSMLs in healthcare. Shenvi et al. (2007) Heß et al. (2015) have done a similar work, which can be seen as an advancement of the work from Burwitz, et al. (2013) . Also Heß, et al. (2015) came up with an extended list of domain-specific requirements. They recognized that no language fully covers these extended requirements to model clinical pathways. They argue: "to realize the potential benefits of CPs (clinical pathways), a comprehensive modelling method accounting for peculiarities of hospitals' action system and IS is required. The core of such a method should be a Domain-Specific Modelling Language for CPs". They further mention that widely accepted business process modelling techniques to model CPs lack in fostering communication between stakeholders and in quality support from tools. Thus, they decided to extend the metamodel of the language MEMO OrgML to create a DSML for the modelling of clinical pathways. The newly created language DSML4CPs reconstructs the professional terminology from the medical domain with a special focus on oncology. have also noticed the need for domain-specific concepts to model clinical pathways. However, they propose to use BPMN for the extension as it is widely used for modelling business processes. In their work, they use the language CPMod to derive requirements for the extension of BPMN and to create the language BPMN4CP. One advantage of the solution is that several perspectives on a clinical pathway, such as resource, process or document perspective, are possible to be modelled. They have revised their BPMN4CP approach based on its practical application. This led to an evolution of BPMN4CP from version 1.0 to version 2.0 to cover additional business requirements (Braun et al. 2016) . Neumann et al. (2016) also developed a domainspecific extension of the BPMN modelling language. Their objective was to model and execute interoperative surgical workflow in the integrated operating rooms.
DSMLS IN HEALTHCARE
It is becoming a common practice to support experts by utilizing modelling languages that cover the requirements of the underlying domain (Neumann et al. 2016 , Braun, Burwitz, et al. 2015 , Braun, Schlieter, et al. 2015 , Burwitz et al. 2013 . However, to the best of our knowledge, so far research on DSMLs in healthcare mainly focused on clinical pathways (CPs). On the contrary of administrative pathways, CPs refer to the treatment activities of patients. Therefore, we can state that there is a gap in the literature to provide a domain-specific modelling language for the patient transferal management.
RESEARCH METHODOLOGY
In this work, we developed the DSML by adopting the design science research (DSR) approach of Vaishnavi and Kuechler (2004): 1. Awareness of the problem: In this phase, we elicited requirements from the transferal management domain. For this, we could mainly rely on the activities performed in the research project Patient Radar. Namely, they carried out interviews and workshops with modelling and domain experts, from which a reference model and an application scenario were created. Additionally, health-related standards and documentation were taken into account together with literature review. Next, a categorization was made to differentiate procedural from declarative information as it is recommended by von Halle and Goldberg (2010) . That is, we distinguished between process logic (i.e. which activities take place -including prescribed flow and more ad hoc activities) and business logic (i.e. how to make decisions -including structured and unstructured logic). Additional declarative categorizations concerning data representation, documentation and organization management were included. Table 1 shows one of the 50 requirements. 2. Suggestion: In this phase, we took into account all the requirements elicited in the previous phase and suggested a new metamodel accordingly. 3. Development: In this phase, we implemented the metamodel as well as the graphical notation for the concrete syntax in the ADOxx Development Toolkit. 4. Evaluation: In this phase, we first evaluated the new language with respect to the elicited requirements. Then, we investigated its applicability by modelling both the reference model and application scenario created in the awareness of problem. Finally, a focus group session was performed to evaluate the perceived usefulness and cognitive effort of the language.
All phases were used to continuously refine the artifact.
A METAMODEL FOR DSML4PTM
The design approach for our DSML is based on the two principles proposed by Karagiannis et al. (2016) :
-Considering already existing standard modelling languages, with related applications and lessons learned. Emmenegger et al. (2016) , for example, combined several modelling languages to enhance workplace learning. -Specialization of language constructs according to requirements elicited from a specific domain. , for example, extended BPMN to allow specifying both business requirements for the cloud service discovery and cloud service descriptions.
The procedure used to define the new language was the following:
According to the gathered requirements we (a) identified the most suitable existing modelling languages; (b) removed the unneeded modelling elements (as also Silver (2011) suggests) from the selected languages; (c) added the domain-specific elements; (d) integrated the language constructs that belong to different modelling languages, and finally (e) added constraints among the remaining language constructs. Steps (b) and (c) can also be inverted.
These steps were embedded into a two-tier approach that refers to the metamodeling hierarchy introduced in Fig. 1 , see also (Reimer and Laurenzi 2014) . (a), (b), (c) and (d) are all part of the abstract syntax, which resides in level 2 of the metamodel stack (see Fig. 2 ). They all contain semantics. The identified metamodels in (a), for example, already contain their own semantics. Moreover, while for (b) semantics is removed, it is added for (c). Integrating model elements among each other also imply to additional semantics, (see (d) in Fig.2) . Additional semantics are added in terms of new relations among metamodel elements, (see (e) in Fig. 2 ). Modelling elements added in (c) are then represented in the form of concrete syntax together with the remaining metamodel elements (see level 1 of Fig. 2) . In level 1, new models can be created and existing ones can be adapted to reflect different scenarios. The two-tier approach allows the following: -On Level 1, administrative pathways from acute hospitals and rehabilitation clinics are combined into a coherent discharging About 100 concepts and 300 attributes were added in the metamodel. Due to space restrictions, we do not list all the elements, but we rather motivate the selection for each metamodel with respect to the most relevant requirements. For each of the metamodels, we then describe the rest of our procedure by mentioning some of the extended elements as well as the integration among metamodel elements.
Process Modeling
Requirements for structured and unstructured processes It is necessary to combine predefined, clearly structured process parts with more ad hoc process steps, as some activities and conditions are known in advance while the execution of others depends on human judgment or external events. For instance, before performing the patient's disposition in the rehabilitation clinic, the transferal manager should release all the necessary data and documents related to the patient (i.e. sequence flow). Conversely, the responsible physician from the rehabilitation clinic might discuss with the main physician from the acute hospital about the patient's therapy. The activity execution of this activity is up to the responsible physician rather than dictated by a sequence flow. BPMN BPMN 2.0 (OMG 2011) is the most widespread notation for modelling business processes. Therefore it was selected to model activities and conditions, which are known in advance and their flow can thus be modelled. However, we removed unnecessary BPMN elements, and extended it with new elements to satisfy our list of requirements (see concepts in light blue bubbles in Fig. 3) .
The requirement for the process progress was addressed by adding a new concept "Status". This includes the percentage attribute that reflects the actual state of the process (see the related concrete syntax in the point 6 of figure 8).
CMMN
To model those activities and conditions that cannot be embedded in the process flow, we chose CMMN (OMG 2016a) the OMG standard for case management modelling. Again, we removed the unneeded elements as well as extended new ones. "Sentry" and "Entry Criterion" were kept, while for "Discretionary Task" specialisation like Update Disposition and Perform Rehab Conference were introduced.
Insights The integration with the BPMN elements took place by connecting the sentry to the task. According to our proposed semantics, a task can be performed either as a subsequent activity as part of a flow, or as soon as the sentry evaluates to true. Moreover, a task can have one or more sentries. The latter expresses the "OR" condition. The same applies also in presence of an input flow and at least one sentry.
The discretionary task concept is a subclass of the manual task (see bubbles with blue outline in Fig. 4) . At run-time, discretionary tasks that are involved in the sequence flow are skipped if none of the attached sentry evaluates to true. For example, the PerformRehabConference is a discretionary task that can be executed by the rehab if the patient case is complex or simply if he/she wants to discuss the case with the physician in the acute hospital.
Control Element Model

Requirements for Decisions on the Process Flow
Complex decisions are made along the discharging process. For example, the acute hospital decides on whether to start performing the admission for the incoming patient (e.g. preparing all the needed resources). This is only possible after the transferal date has been agreed upon between the acute hospital and rehabilitation clinic and after the cost reimbursement form has been sent to the health insurance. Another example is on decisions that need to be taken if the patient's situation worsens.
Control Element Model
As it is already claimed by Hinkelmann (2016), sentries can be specified in the so-called Control Element Model in order to enable reuse of conditions and events. The metamodel elements that are taken into account from the Control Element Model are "On-Condition" and "If-Condition". Figure 4 shows the extended elements in the light orange bubbles as well as their integration with the sentry element of the CMMN. 
Decision Modeling
Requirements for Decisions on the Activity Level
The decision logic for complex decisions along the discharging process has to be modelled on the activity level. For example, the application of the right discharging criteria permits to derive the most suitable rehabilitation type and interface (e.g. from acute hospital to inpatient neurological rehabilitation, rather than to a rehabilitation with compulsory medical monitoring). In Switzerland, discharging criteria are specified in the DefReha© standard issued by the organization H+ Swiss Hospital (H+ 2016).
DMN
In order to model decision logic we selected the DMN standard (OMG 2016b) . The metamodel concerning the Decision Requirements and the Decision Logic were reused and integrated into the metamodel of the new DSML. The analysis of the DefReha© document has shown, that the decision to determine the rehabilitation category and relevant inclusion and exclusion criteria are of central importance for the domain in Switzerland. Figure 5 , shows the extended elements in light green bubbles (due to space limitation, we could not list all of them). The integration took place via the decision element, which refers to the business rule task and the discretionary task.
Additional constraints were added among the extended elements. In section 6 (arrow 5 in Figure 8 ) we describe an example on how the DMN elements are related with each other.
Documents and Knowledge Model
Requirements for Structured Documents
The modelling has to comply with healthcare standards like the International Classification of Functioning, Disability and Health (ICF) standard (World Health Organization 2016) .
Representing the relevant process documents is also a need: The cost reimbursement form (abbreviated as KoGu) is the most important document in the transferal management process. In case it is definitely rejected, the discharging process most likely comes to an end due to the lack of financial support.
Another important document is the hospitalization form, which contains all the needed information for the transferal manager to start the process. The process progress along the patient hospitalization should provide visibility to crucial events such as case and patient accepted by the clinic, first assessment performed, discharging date agreed, etc. Then, the medication list form that has to be updated after the transferal is confirmed.
Finally, each document belongs to a category. For instance, the hospitalization document belongs to the administrative data, the medication list belongs to the medical data, while the assistance list belongs to the care status data.
Requirements for Document Representation
There is a need to represent the status and versions of document. For example, the KoGu document should include the status (i.e. ready, sent, rejected or accepted), while the ICF document should include both the trend and the status of each category.
Documents and Knowledge Model
Complying with many standards as well as accommodating many relevant documents were addressed by selecting the Documents and Knowledge Model adopted in the European project LearnPAd (De Angelis et al. 2016 ). This provides a way to structure documents and knowledge representations. For example, we introduced the new concept "KoGu data object" as a specialized data object. The required status of the KoGu data object was modelled by means of attributes ( Figure 6 shows the concrete syntax of the KoGu data object with related status as well as the hospitalization document with related version on top of the icon). Constraints for the defining the structure of data and documents were also added. Due to the very large collection of data and documents, we grouped them into medical data, administrative data, care status data and process progress. Each group contains several data and documents (e.g. see assistance data and special medication data connected with the care status in Fig. 7) .
Additional constraints addressed the need of indicating the status of data/documents. For instance, the metamodel contains a connection between the ICF standard to the ICF qualifier status, and between the KoGu document and its status (see Fig. 7 ). The same applies on other four elements, i.e. process status, physical transfer status, medication list status, and acceptance status. These "Status" elements are determined based on the progress of the data collection and are used to aggregate the overall "Status" in the DSML4PTM model.
Bubbles with light yellow in Fig. 7 depict some of the specialized elements, while connections to other colored bubbles show their integration with other metamodel elements, i.e. from BPMN (in light blue) and from DMN (in light green). 
Organizational Model
Requirements for a structure on roles and care units Making the structure of the organization explicit in a model supports the domain expert to identify quickly and easily who is performing what role in which care unit or rehab clinic.
Organization Model
The Organizational Model as proposed in Emmenegger et al. (2016) provides constructs for assigning personnel to roles, which in turns are assigned to organization units. This structure ensures that a user can easily browse through an organization and find a suitable person or business unit.
We extended the organizational metamodel as follows. 
IMPLEMENTATION
The new metamodel was implemented in ADOxx Development Toolkit (https://www.adoxx.org). Figure 8 , shows part of the application scenario modelled in DSML4PTM. The figure also shows how model elements that belong to the above described metamodels are related to each other. Arrow 1 shows the connection of the acute hospital from the process to the organizational unit.
Arrow 2 shows the connection of the data object "Hospitalization" with the related document, which is modelled in the Document and Knowledge Model.
Arrow 3 shows the notebook with all data values of the KoGu document.
Arrow 4 shows the connection going from the sentry attached to the discretionary task "Re-apply DefReha Criteria" to the related Control Element Model. A Sentry contains optional events (ON part) and conditions (IF part). According to the semantics borrowed from CMMN, the execution of the task is possible if both ON-part and IF-part evaluate to true.
Arrow 5 shows the connection of the business rule task "Apply DefReha Criteria" with the decision construct "Decide on Rehabilitation Suitability" modelled in the Decision Requirements Diagram. The latter construct takes the input "patient data" and "medical information" (both modelled in the Document and Knowledge model). It refers to the knowledge source "DefReha©", which is an external PDF. Additionally, rules for selecting the rehabilitation type are expressed in decision tables. Hence, all the sub-decisions that reflect each rehabilitation type are modelled and used as input for the "Decide on Rehabilitation Suitability" concept. For example, the neurological rehabilitation type has three interfaces: Inpatient Rehabilitation, Compulsory Medical Monitoring and from Medical Monitoring to Inpatient Rehabiliation. These are modelled as further decision concepts that in the metamodel are connected with the "Neurological Rehabilitation Suitability" concept.
Arrow 6 depicts the connection from the process status element to all those attributes for which the status is determined, e.g. data released, first assessment done, Rehab conference done, transfer date, KoGu ready, etc.
Additionally, the integration of CMMN and BPMN allows specifying the actor who would perform a discretionary task by placing the task on the appropriate lane. 
EVALUATION
The new modelling language was evaluated on its completeness with respect to the elicited domain requirements. DSML4PTM was implemented in ADOxx and both a reference process and an application scenario were successfully modelled after the implementation. These models were then used in a two-hour focus group session with four modelling experts and one domain expert for an evaluation on the perceived usefulness of the language and its cognitive effort. In the first hour, the new modelling language was introduced to the participants and then a walk-through session explained how the new language can be applied. In the next hour, the participants had a hands-on session and they were asked to extend the reference process with two new scenarios:
1. DefReha criteria should be re-applied in case the KoGu document is rejected. 2. KoGu document needs to be revised as some information is missing. In the following, we summarize the outcome of the questionnaire with respect to the perceived usefulness and cognitive effort.
Perceived usefulness: All participants agreed on the high potential of the DSML in fostering communication and collaboration among domain experts. Modelling experts stated that the new language simplifies the modelling process, which helps improve model quality. They also emphasized that the language can be seen as a basis for the integration of different information systems (e.g. health information systems, patient administration systems, health records) and automated verification.
Cognitive effort: All participants agreed on the ease-of-use of the new language, for which a metric is the amount of time that is required to learn the usage of a language. All the participants stated that the usage of the language can be learned within a short period of time. This was backed by the fact that participants could propose meaningful models for the two new scenarios within less than half an hour. Of course, to apply the language in real settings would need more time to get acquainted with it. Further metrics we looked at are the appropriate abstraction of language elements and their default values, the graphical notation of the concrete syntax, and the support at design time in creating meaningful models. The latter was mentioned as one of the main strength as during the hands-on session participants perceived they could not connect model elements with each other randomly. In line with this, modelling experts mentioned the reduction of modelling mistakes as a strength of the new language. One agreed upon drawback of the language is the difficulty to understand when to use a sentry rather than a gateway. We noticed that during the hands-on session, those with a strong BPMN background tended to use gateways only. One suggestion was to encourage the usage of sentries as a best practice while using gateways only if really needed, e.g. in case the visualization of the flow is fundamental
The evaluation was also done quantitatively by comparing the reference model created in DSML4PTM with the equivalent one created in BPMN. The latter contained approximately 15% more elements. In fact, in complex scenarios (e.g. when KoGu is rejected) the specification of most of the events and conditions that would be modelled with gateways can be replaced by sentries (that is also valid for tasks that are embedded in a flow).
CONCLUSIONS
Based on the elicited requirements from the awareness phase, a domain-specific modelling language for transferal management was developed. The development procedure is based on principles that foster the reusability within the modelling community. Hence, several metamodels were considered to cover as far as possible the application domain, i.e. BPMN, DMN, CMMN, Control Elements Model, Organization Model and Documents and Knowledge Model. Next, unneeded modelling elements were removed while others were added to fulfill the requirements of the transferal management domain. Then, a metamodel integration among the remaining modelling elements was performed. Finally, semantics was mainly borrowed from the selected metamodels and new one added by means of constraints among the remaining language constructs.
Future work goes towards a methodology that provides semantically enhanced recommendations while developing a DSML. Another possible research direction goes towards the modelling support at design time. Namely, the retrieval of best practices modelling patterns according to the syntax and semantics of models. These patterns will then be proposed to the modeler for quality improvements.
